The structure of a titanium nitride film coated by arc ion plating on a Ni-50Ti shape memory alloy was characterized by X-ray photoelectron spectroscopy (XPS). The corrosion behavior of the titanium nitride -coated Ni-50Ti alloy was examined in 0 .9% NaCl solution by potentiodynamic polarization measurements and a polarization resistance method. XPS spectra showed that the titanium nitride film consisted of three layers, a top layer of TiO2, a middle layer of TiNx (x>1), and an inner layer of TiN. The passive current density for the titanium nitride-coated alloy was approximately two orders of magnitude lower than that of the polished alloy in the potential range from the free corrosion potential to +500mV (vs. Ag/AgCl). Pitting corrosion associated with breakdown of the coated film occurred above this potential.
INTRODUCTION
Little is known, however, concerning the corrosion rate of Ni-Ti alloy with a titanium nitride coating freely immersed in a simulated physiological solution.
With regard to the biocompatibility as an implant material, it is necessary to assess the surface structure of the titanium nitride film on the Ni-Ti alloy.
In the present study, the Ni-50Ti alloy was coated with titanium nitride film by arc ion plating, and the chemical composition of the top few atomic layers, which is expected to strongly influence the initial cell adhesion, was determined by X-ray photoelectron spectroscopy (XPS). In addition to anodic polarization measurements, the corrosion rate of the Ni -50Ti alloy both with and without titanium nitride coating at a free corrosion potential was estimated in 0.9% NaCl solution using a polarization resistance method.
MATERIALS AND METHODS

Sample preparation
The no significant differences in the anodic polarization behavior of the titanium nitride-coated alloys with and without heat treatment. Fig. 8 shows the secondary electron images of the titanium nitride-coated alloy surface after recording of the anodic polarization measurements from the free corrosion potential to +1500mV.
There were many small corrosion product deposits on the titanium nitride film which were not identified by XRD, and these were assumed to be TiO2. Clearly visible cracks propagated in the titanium nitride film as indicated by arrows in Fig. 8 (a) , and some of the film peeled off the underlying alloy (area A). There were pits propagating deep into the alloy at places where the film had peeled off (Fig. 8 (b) ).
At +500mV, mechanical cracking of the titanium nitride film seemed to take place, Breakdown of the film, however, occurred at much lower potentials than the breakdown potential of 1200mV for the polished alloy. The reason may be that chloride and hydrogen ions concentrated in the cavities which were formed by the peeling off of the titanium nitride film. Fig. 9 shows variations in polarization resistance (Rcorr) with time for the polished and the titanium nitride coated Ni-50Ti alloy in 0.9% NaCl solution.
The Rcorr parameter is inversely proportional to the corrosion rate of metals and alloys. The Rp value for the titanium nitride-coated alloy was more than one order of magnitude higher than that for the polished alloy, indicating that the corrosion rate at the free corrosion potential (approximately +50-+100mV) was drastically reduced by the titanium nitride coating. The topmost layer of the titanium nitride film coated on the Ni-50Ti alloy by arc ion plating was found to be composed of TiO2, which is chemically identical to the surface film on pure titanium.
The corrosion rate of the Ni-50Ti alloy freely immersed in 0.9% NaCl solution was reduced by more than one order of magnitude with the titanium nitride coating. In addition, the titanium nitride film did not contain any nickel, suggesting that the amount of nickel released would be far less than with the polished Ni-50Ti alloy. The heat treatment to control the transformation temperature after the titanium nitride coating increased the thickness of surface TiO2 film, but did not change the anodic polarization behavior.
Considering the chemistry of the coated surface film and the improved corrosion resistance, the biocompatibility of the titanium nitride-coated Ni-50Ti alloy as an implant material is expected to be comparable to that of a pure titanium unless highly polarized anodically in vivo.
CONCLUSION
The titanium nitride coating prepared by the arc ion plating method improved the corrosion resistance of the Ni-50Ti shape memory alloy in the potential range from the free corrosion potential to +500mV, but pitting corrosion associated with breakdown of the coated film occurred above this potential in 0.9% NaCl solution.
Corrosion rate of Ni-50Ti alloy can be reduced by more than one order of magnitude by titanium nitride coating, unless the alloy is highly polarized anodically in vivo. The top surface of the TiN film was found to be TiO2, which is chemically identical to the surface film on pure titanium.
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